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Summary 

Unlike filter design by the earlier image-parameter theory, the design 
of filters by the insertion-loss theory, according to general opinion, 
is the domain of specialists because of the complex calculation work 
involved. The advantages of filter circuits calculated by this method 
are so great, however, that it is advisable to make the application of 
such filters easy and generally possible. It seemed therefore desirable 
to carry out a large amount of systematic filter calculations with the 
aid of electronic computer systems and compile the resultant data in 
catalog form. 

Because of the wide variety of possible demands that may be placed on 
filters, a logical selection has to be made. A particularly important 
filter type is the low-pass filter,in particular with Tchebyscheff be¬ 
haviour of the insertion loss within the pass band (Tchebyscheff low — 
pass filter) and in the pass band and stop band, respectively (Cauer- 
Parameter low-pass filter). 

Tables show the standardized values of the circuit elements of the 
Tchebyscheff low-pass filters and Cauer-parameter low-pass filters with 
resistive termination at either end for the degrees n = 4 up to n = 9 
and for 11 different reflection coefficients p at a time (and for 11 
different maximum variations of the insertion loss within the pass band 
in each case, respectively).Designing filters with the aid of the tables 
is shown with reference to typical applications. 
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Filter networks are of great importance not onlyin, cOBMUnicatioa if g - 
neering but also in all fields of electrical measurement and equips® 11 ^ 
engineering.Contrary to the earlier image -parameter method, the design 
of such.networks by the insertion-parameter method is based on the actual 
requirements specified for the filter, e.g. its effective transmission 
properties when it is terminated by real resistances. 


The advantage of the image-parameter method is that it permits a rather 
gtpaightforward design,in a relatively short time, of a filter netwoiis. 
which will approximately yield the specified performance, but the dis¬ 
advantage is that a number of correction networks are necessary to ob¬ 
tain exactly the desired properties. However, in many cases this cannot 
be achieved with the desired minimum number of circuit elements, and in 
some cases this is entirely impossible. 


On the other hand, the opinion of many engineers is that the design of 
a filter by the insertion-parameter method - which does not have the 
aforementioned disadvantage - is beyond the scope of non-specialists 
since the purely mathematical design procedure is not fully in line with 
physical conceptions and since the necessary calculations are rather com¬ 
prehensive and complicated. 

A great number of fundamental papers and many contributions dealing with 
the solution of special filter synthesis problems have been published. 
In a previons paper [l] an attempt was made to show the individual steps 
of filter design by synthesis in the form of general concepts and by a 
clear and convenient representation.In addition new simple ways for ob¬ 
taining solutions of various partial problems involved with this design 
method are outlined so that more engineers will be able to make use of 
the advantages of the insertion-parameter method when designing filters. 
Furthermore, it also appears worth while to find by this exact method 
the circuit elements for the filter types most frequently used,and to 
compile the normalized element values in a catalog with the filter pro¬ 
perties as parameters.For a number of mostly simple filters such tables 
have already been published E2l or are being prepared E^3• 

The present paper should serve as a contribution to cover more compli¬ 
cated cases. Together with an instruction for the proper use of the ca¬ 
talog,a large number of data of low-pass filters with Tchebyscheff be- 
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haviour of the effective loss in the pass band (Tchebyscheff low-pass 
filters) and of low-pass filters having Tchebyscheff behaviour also in 
the stop band (Cauer-parameter low-pass filters) are compiled in tables. 

2. Normalization 

To simplify the calculations of the circuits, the frequencies are nor¬ 
malized with respect to a reference frequency fg and all impedances are 
normalized with respect to a ref erence resistance Rg. The normalized fre¬ 
quencies are thus defined by Q y = f y /f and the normalized resistances 
by r y = R y /R B . 

In the case of low-pass filters, it is appropriate to use the cutoff 

frequency fg as reference frequency (Qg = 1) and in general the input 

termination resistance R„ of a filter network as reference resistance 

1 

(r^ = l). All given normalized data of the circuit can then be conver¬ 
ted to any frequency range' (choice of fg ) and any impedance level 
(choice of Rg) as described in Section'6. 

3. Cauer-Parameter Low-Pass Filters 

One of the most important types of low-pass filters is the one in which 
the effective loss (for definition see [1]) does not exceed a specified 
maximum value in the ^ass band and a specified minimum value in the stop 
band.The optimum solution is reached, if these requirements are approx¬ 
imated in the Tchebyscheff sense (see, for instance, the diagram in 
Table C 0910).In this case the parameters of the characteristic function 
(Cauer parameters) can be calculated by means of elliptic functions, and 
then the effective transfer function and the data of the resulting cir¬ 
cuit can be determined Cl]. 

3.1 Filter Designations (Data_for Use of the Tables) 

The features that characterize a low-pass filter are - after determina¬ 
tion of degree n of the transfer function (the number of necessary cir¬ 
cuit elements depends on the value of n) - the specified minimum attenua¬ 
tion a_ of the filter network in the stop band, the normalized stop-band 
S 

limit Qg = fg/fg (sharpness of the cutoff), i.e. the frequency prefer¬ 
red to the cutoff frequency fg of the pass band at which the stop-band 
attenuation a is reached, and the maximum allowable variation of the 
effective attenuation ag in the pass band (see, for instance, the dia- 




gram in Table C 09 10). 

However,practical experience has shown that filter networks are usually 
terminated with other transmission networks within a system, and that 
the latter require terminations for which maximum permissible impedance 
variations are specified in order to affect the transmission quality as 
little as possible. The maximum allowable variation of the input impe¬ 
dance, or the related reflection factor p in the pass band, is in re¬ 
actance networks directly related to the variation of the effective at¬ 
tenuation a_ by: .-. 

(see Cl] and [4]). Quite usual values for the variation of the reflec¬ 
tion factor correspond to theoretical attenuation variations a^ which 
are so small that they can practically not be measured and which are 
anyway masked at the cutoff frequency by the effects of the losses - 
mainly due to the coils - . Thus, it has been found that it is more 
convenient to use the maximum allowable reflection factor p and not the 
variation in the attenuation a^ as the characterizing parameter for the 
pass band of a filter.Since the numerical calculation of the Cauer-pa- 
rameter values (frequencies for the maximum and the minimum effective 
attenuation) by means of Jacobian elliptic function tables is rather 
difficult in many cases, a very useful table, specially intended as an 
aid for the design of filters,was published in [53.It contains the pa¬ 
rameter values for degrees n = 2 up to n = 12 as functions of the sharp¬ 
ness of the cutoff. This sharpness is characterized by the normalized 
stop-band limit Q<,. For the determination of the Cauer-parameters, the 
modular angle© (for n odd, e.g. 0= arcsin l/Qg) is used instead of 
as initial value for the table [5]This results in a very fine gradua¬ 
tion of the Q values (0° <®< 90°) near unity (very good sharpness of 

O — — 

the cutoff).Therefore, the modular angle has also been chosen as char¬ 
acterizing value for the sharpness of the cutoff of the filters. 

With a view to the above reasons, a filter can be described by the sym¬ 
bols: C n p0(e.g. C09 05 67) which means: low-pass fj-lter with Cauer 

parameters (C), degree n (9) reflection factor p (5 %), modular angle# 
(67°), i.e. sharpness of the cutoff Qg = l/sin@ = 1.086 3^0. 
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In most practical cases,networks are desired which do not contain trans¬ 
formers,i.e. coils with mutual inductances.This can easily be achieved 
for filters of odd degrees (symmetrical filters),, However,if n is even 
(antimetrical filters), then no attenuation pole is located at the fre¬ 
quency Q = oo and only by a suitable transformation [l] an attenuation 
characteristic can be obtained which can lead to a network without mutual 
inductances (however, Q g is somewhat increased).At the frequency Q = 0, 
the attenuation is finite and equal to the value of a^. This results in 
the additional fact that contrary to networks of odd degrees, in which 

the two normalized termination resistances are equal (r, = r^ = 1),the 

1 2 

normalized output termination resistance of a filter of even degree must 

2 

take the value of r^ = ii = (l-p)/(l+p) if the terminal transformer shall 
be avoided. Filters of this type are identified by designation " b ” 
(see, for instance , diagram in Table C 08 10 b). However, if it is 
furthermore required that the two termination resistances - as in a 
filter of odd degree - shall be equal, another frequency transfor¬ 
mation [l] can be applied, resulting in a further increase of Q . The 

ib 

attenuation at the frequency Q = 0 is zero. Such a filter is desig¬ 
nated by "c" (see, for instance, diagram in Table C 08 10 c). 


3.2 Estimation of the Required Degree 


In Fig. 1 curves are shown for Cauer-parameter low-pass filters. In 

these curves , the attenuation a c + a(p) is plotted as a function of 

o 

the stop-band limit fig. a^ is the guaranteed minimum attenuation for 
the stop-band , and a(p) is a value resulting from the maximum allow¬ 
able reflection factor p (or from the attenuation variation a^ in the 
pass band, resp.) as determined by means of the small table shown in 
Fig. 1. The parameters for the individual curves are the various de¬ 
grees n of the transfer function and thereby indirectly the number of 
circuit elements. Therefore, the relation between n, Q , a and p (or 
a^, resp.) is clearly indicated. 


As an example for the use of the diagram to determine the degree, the 
following requirements for a low-pass filter are assumed: At a nor¬ 
malized stop-band limit Qg = 1.250, the minimum attenuation ag in the 
stop-band shall be 5*0 [N]. The reflection factor in the pass band of 
the filter shall not exceed p = 10 % (which corresponds to a maximum 
attenuation variation of a_. = 0.005 [N]l From the small table in the 


r n] 


r\e-P&i$ 
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diagram,we obtain for p = 10 % an a(p) value of 2.3 [N]. The point with 

the abscissa value Q_ = 1.230 and the pertinent ordinate value a +a(p) = 

S *3 

=7.3 [N] is located between the curves of degrees n =? 6b and n = 7- This 
means that all three requirements (for Q_, a and p) cannot be met with 

O u 

a filter of degree 6 b.By choosing n = 7i a margin is obtained which can 
be distributed among the three quantities. Thus,each point on the curve 
for degree n = 7 with 1„l6 < Qg < 1.25(or 7.3 CN] < (ag+a(p))< 8.3 [N], 
resp.) can be used for the design depending on the distribution of the 
available margin. 



Fig. 1 Diagram for the estimation of the required degree (n=3 up to 12) 
for Cauer-parameter low-pass filters. 

Relation between n, Q , a (> 2 [N]) and p. 

O O “ 
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3.3 Catalog for Cauer-Parameter^Low-Pass Filters 

In the tables, the values of the circuit elements for Cauer-parameter 
low-pass filters are compiled for degrees n = 4 up to n = 9»and in each 
case for the reflection factors p = 1,2,3 j4,5jS, 10,15,20,25 and 50 %. 
They are plotted as functions of the modular angle 0 (1st column) and 
of the normalized stop-band limit Qg (2nd column). In the J>rd and 4th 
columns,the guaranteed minimum effective attenuation in the stop-band is 
indipated in Nepers (ag) and in Decibels (Ag), respectively.All values 
of the circuit elements and the corresponding resonance frequencies in 
the further columns are normalized with respect to the input termination 
resistance (r^ = 1 ) and to the pass-band limit f^ (G^ = 1 ) • The 
numerical values are accurate to +_ 1 in the last digit. 

The principle effective attenuation/frequency characteristic and the 
circuit configuration with the normalized values of the termination 
resistances are shown above the tables. The configuration of the dual 
circuit is shown below the table, and the values of the corresponding 
circuit elements can be found by means of the designations indicated 
in the last row of the table. 

In order to limit the number of filters covered by the catalog to an 
extent sufficient for practical applications , the tables have been 
limited to the range 2.0 < ag [N] < 12.0 and to 0 < 85 L°] • 

4. Tchebyscheff Low-Pass Filter s 

If the effective attenuation shall vary between zero and a given maximum 
value in the pass-band and only increase moriotonically to infinity in 
the stop-band,the characteristic function for such a low-pass filter - 
except for a constant factor - is given by a Tchebyscheff polynomial. In 
this case, the frequencies pertaining to the maximum and the minimum 
values of effective attenuation (parameters of the characteristic func¬ 
tion) and the data of the circuit elements of the filter can easily be 
calculated by explicit or recurrence formulae [1]. 

4.1 Filter Designations (Data for Use of the Tables) 

Designations similar to those used for Cauer parameter low-pass filters 
(cf. Section 3.1) may be used for Tchebyscheff low-pass filters, e.g. 
T 08 05 b, which means: Tchebyscheff low-pass filter (T),degree n (8), 
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reflection factor p (5 %) » case b, i.e. finite attenuation a at Q = 0 

P D 

and normalized output termination resistance r 2 = u = (l-p)/(l+p). In 

case c , the attenuation at Q = 0 is zero and r = r = 1. 

1 2 

4.2 E®timation_of the Required Degree 

Since he attenuation in the stop band increases monotonically up to 
infinity with increasing frequency Q, the specification of a defined 
stop-band attenuation a^ at a predetermined frequency Qg,normalized to 
the pass-band limit , is sufficient for finding the necessary degree. 

With the aid of the relation 

_-i 

cosh s 

n > -—— with s = 

“ cosh Q 

5 


f 


2a p [N] 


-2 


- 1). (p - 1 ) 


the necessary’ degree (next higher integral number) can be calculated 
when Qg, ag and p are given. 


The frequency/attenuation characteristic in the stop band results from 
the relation 


a(Q)[N] = i In 

C. 


—1 2 

[cosh (n cosh Q)] 



If n is even, these formulae are also valid for the case b* in case c 
the frequency Q must be replaced by 


1 


Q' = 


nZ . 2 TC 

Q - sm ■r— 
2n 


cos 


2n 


In the diagram of Fig. 2 (analogous to Fig. 1 and Section 3.2) curves 
are shown for Tchebyscheff low-pass filters.In the curves,the attenua¬ 
tion ag + a(p) is plotted as a function of the normalized stop - band 
flit Qg for the different degrees so that the necessary number of cir¬ 
cuit elements can be determined. Furthermore, it is possible to read 
from the curves the monotonically increasing attenuation characteristic 
in the entire stop-band range. 
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4.3 Catalog for Tchebyscheff Low-Pass Filters 

In the first rows of the tables (preceded by M T H ), the values of the 
circuit elements for Tchebyscheff low-pass filters are indicated for 
the same degrees and reflection factors as mentioned in Section 3-3> 
since it turns out that all values of the Cauer parameter filters will 
be the same for Tchebyscheff filters in case ©-*’0 [°] . All other 
explanations given in Section 3*3 regarding the data compiled in the 
tables are also valid. 



Fig. 2 Diagram for the estimation of the required degree (n=3 up to 12) 
for Tchebyscheff low-pass filters.Relation between n, Qg, a^ [N] 
( > 2[N]) and p. 
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5. High-Pass Filters, Band-Pass Filters and Band-Stop Filters 

The low-pass filter data contained in the catalog can be converted into 
high-pass filters, band-pass filters and band-stop filters by appropriate 
frequency and circuit element transformations. 

5.1 Low-Pass to High-Pass Transformation 

If the frequency behaviour of a low-pass filter shall be transformed 
into high-pass performance,this can be achieved by the frequency trans¬ 
formation 

Q(hp) = ^ ‘ 

The pass-band limit of the high-pass filter is 

Q D(HP) = °D(LP) = 1 

and furthermore it becomes evident .that the normalized stop-band limit 
^S(HP) the High-pass filter equals the reciprocal value of the stop- 
band limit of the low-pass filter. 

The resulting transformation of circuit-element values is shown in Fig.5 


LP 


HP 

c' ■ 


C u. r , 1 

■ 



IT C* jr 


Fig. 3 Low-Pass to High-Pass Transformation of Circuit Elements 


5«2 How-Pass_to_Band-Pass Transformation 
By the frequency transformation 
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the frequency characteristic of a low-pass filter is converted into 

that of a band-pass filter.Thus two normalized band-pass frequencies rj v 
1 

and *!—•■ ^ . in a geometrically symmetrical allocation with respect 

to V = 1 = ]jrj r • rj—y } correspond to a normalized low-pass frequency Q y . 
Hence, the transformation of the pass-band limit results in 


Qd = 1 = a (rjD - >/—d) . 


i.e. a relation from which the transformation constant "a” can be deter¬ 
mined. Since,if the upper and the lower pass-band limits f^ and f of 
a band-pass filter are normalized with respect to the reference fre¬ 
quency f g = ^fp.f^' , then 

*7D = /d//b = ]//d//_D = 1 jt ]—D • 


Analogously, the geometrically symmetrical stop-band limits - likewise 
normalized with respect to f ■ - are obtained by 


Qs = a [r)s-ri-s) , 


and the relation between the pass-band limits and the stop-band limits 
is 


Vn-rj-n 


The reverse process is to determine the normalized band-pass frequencies 
rjr and r}— v from the pertinent low-pass frequency Qy by 





+ 1 ± 


9i 

2 a 
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The resulting transformation of circuit-element values is clearly shown 
in Fig. 4 


IP 


BP 

— 


1 

Irr 

c« j m ac' V’1.0 

r^ c |- J 1 = 1,0 

iS - 

lnnr\.fM ... 

0 ■ 


H 

/ 

h /_ c.- 4- ‘ac (1+n*) 

4 

is ±. Q r(h7)_ 2 ) 

T}+ 

with r) ± = i i jL 


Fig. 4 Low-Pass to Band-Pass Transformation of Circuit Elements 


A low-pass filter of an even degree (cases M b n and "c") can,apart from 
the circuit-element transformation shown above, also be converted into 
a circuit with a minimum number of inductances. The respective trans¬ 
formation formulae have been published in paper [l]. 


5.3 Low-Pass_to_Band-Stop_Transformation 

The relations for the frequency transformation of a low-pass filter in¬ 
to a band-stop filter are similar. They are given by 


Q = 



and by 


V ±- 


-VE 


+ 1 i 


1 

2 a Q,.' 


The resulting transformation of circuit-element values is clearly shown 
in Fig. 5 





IP 

B 

BS | 

m 

E 

c -\ 

H 

jp- 1'V> 

■ 

1 


H 

v* _ c - 

With J?t- ijai> 


Fig. 5 Low-Pass to Band-Stop Transformation of Circuit Elements 


6. Conversion of the Normalized Data into Physical Quantities 


The circuit-element values l v and c* and the normalized frequencies 
and i?r as evident from the catalog or obtained by transformations in 
accordance with Section 5*can easily be converted to the desired fre¬ 
quency range (selection of fg) and the desired impedance level (se¬ 
lection of Eg) with the aid of the following formulae. 


For low-pass filters and high-pass filters, f^ = f_ and for band-pass 

-n 

fp*f p . 

p /“D 

Wlth l b - nz [H] and C B = 2ZV m - 

B Jd 

(Rg to be inserted in ohms and fg in cycles), becomes: 


f y = Qyfp [cps] 
L> = 1 ,-Lg [H] 

C, = c v - C B [F] . 
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7. Numerical Examples 

In the following, a few examples are given in order to explain the use 
of the data compiled in this catalog for the design of filters to speci¬ 
fied requirements. 


7.1 Tchebyscheff Low-Pass Filter 

A filter shall be designed which maintains a reflection factor of p < 20 % 
in the pass-band range (0<f<f^=l0 [kc] ) and whose effective 
attenuation a g at f g = l6 [kc] reaches the value 2.3 [N] and then in¬ 
creases monotonically. The two termination resistances shall be R =R„ = 

12 

= 600 [ohms]. 

Design Procedure: 

Since the data in the catalog are normalized with respect to the pass- 
band limit , Q c must be determined by Q = f /f = 1.60. The neces- 
sary degree must be determined with the aid of the diagram in Fig.2. 
For the requirement a g = 2.3 [N] and p = 20 % (i.e. a(p) ^1.6 [N] ) 
the ordinate value a g + a(p) - 3*9 [N] is found. The abscissa value 
l/Q g = 0.625 shows that degree n ='5 must be chosen. 

The available margin shall be used to increase the pass-band range. 
The new frequency Q * al^which with n » 5 and p ss 20 % an attenuation a g 
of 2.3 [N] is reached can be approximately determined from Fig. 2, and 
an exact calculation according to Section 4.2 is possible with 


s 


|e 4 - 6 -1) (5 2 -1)' = 


48.744 


to find 



cosh 


[— cosh - ^ e ] 
n 


=1.45 . 


Hence, 

fj, = ffi = V 2 s = l6 / 1<45 = 11-034 [kc]. 


From row 1 (T) of Table C 05 20 the circuit element values 


- 16 - 




1 . 


C . = C c = 1.302 
1 2 = l u = 1.346 
C 5 = 2.129 

are obtained, normalized on the basis of 

With Rg = 600 [ohms], according to Section 6, Lg = 8.654 [mH] and 
Cg = 24.04 [nF] and hence, 

C 1 = C 5 = 31.30 [nF] 

L 2 = L 4 “ [mH] 

= 51.17 [nF] . 

The circuit is shown in Fig. 6 


12 3*5° 

Fig. 6 Circuit Configuration of the Tchebyscheff Low-Pass Filter 
used for the Example in Section 7.1 

7.2 Cauer-Parameter Low-Pass Filter 

A filter shall be designed which maintains a specified reflection factor 
of p < 20 % in the pass-band range (0 < f < f^ = 10 [kc] ) and whose 
effective attenuation ag in the stop-band range (00 > f > fg = 11,2 [kc] ) 
is at least 4 [N]. The input termination resistance shall be R^ = 600 
[ohms]. 

Design Procedure: 

By normalizing with respect to the pass-band limit, Qg = fg/f^ = 1.12 
is obtained.For estimating the necessary degree,ag + a(p) = 4.0 + 1.6 = 
= 5.6 [N] must be calculated and,using Fig. 1 ,it is found that degree 
n = 7 must be chosen when a margin shall be available. When increasing 
the stop-band attenuation a by 0.1 [N], curve n = 7 for a n ordinate 
value of 5.7 [N] gives an abscissa value of Qg»s1. 06 r i. e. a relatively 
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large margin for the sharpness of the cutoff which - like in Section 7.1 - 
may be used for increasing the pass-band range. 

In Table C 07 20 a filter will be found with0= 70 [°] , Q = 1.064 178 

s 

and a g = 4.l4 [N] which satisfactorily meets the specified requirements 
(C 07 20 70). 

The stop-band attenuation a g is 0.l4 [N] higher than specified and the 
enlarged pass-band range results from 

f D = f s /Q s = 11.2/1.064 178 = 10.525 [kc]. 

The normalized data as found from the catalog are: 


3 = 1.091 



: 2 = 0.3102 

3 = 1.250 

1 2 = 1.091 

Q 2 = 1.718 931 

% = 1.859 
: c = 0.9689 

1 ^ = 0.4678 

= 1.072 504 

: 6 = 1.265 
■ 7 = 0 . 6 l 8 l 

l 6 = 0.5767 

Q 6 = 1.171 007 


With Rg _ 3 600 [ohms] and fg = f^ = 10.525 [kc],the circuit element 

values are 


c i = 

27.50 

[nF] 





C 2 = 

7.813 

CnF] 

L 2 = 9.899 

[mH] 

f 2 = 18.092 

[kc] 

II 

K\ 

O 

31.50 

[nF] 





c 4 = 

46.85 

[nF] 

= 4.244 

[mH] 

f^ = 11.288 

[kc] 

C 5 “ 

24.42 

[nF] 





C 6 = 

31.88 

[nF] 

Lg = 5.232 

[mH] 

f 6 = 12.325 

[kc] 

c 7 = 

15.58 

[nF] 
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7*3 ?®®i55_2^ a ® ftn ^“P asB Filter by Transformation 

A band-pass filter shall be designed having a reflection factor of 

p=20 % within the pass-band range (f ^ =t 43.8 [kc] < f <48„2 [kc] = f^) 

and providing an attenuation of a g > 6.1 [N] in the Tchebyscheff sense 

in the stop-band range (0 < f < 42.0 [kc] = f _ and f_ = 50.0 [kc] < f 

= — —b s = 

< oo). The input termination resistance shall be E, = 1000 [ohms], 

= 1 

Design Procedure: 

The first step is the calculation of the normalized cutoff frequencies 
for the band-pass filter. The reference frequency to be chosen is f = 
= -|f E f_ D ’ = 45.947 361 [kc]. 

Hence, 

*?D ” = 026 , 

1-D = Vlj = f_i/ f B = 0.953 265 , 

and 

V = f s / f B = 1.088 202 , 

n.s = 1/ Is = o- 918 947 + f_ s / f B : 


It is to be noted that ty_g > f g/fg 

Thus, the lower stop-band limit f) is,by transformation (geometrical 

symmetry of the normalized band-pass frequencies),higher than necessary 

to meet the arithmetically symmetrical requirement as indicated above. 

^-S Can n ° lon S er be chosen arbitrarily but is determined by the upper 

stop-band limit Since the upper flank is necessarily less step than 

the lower flank (rj ^ g) < (^g -# 2 g)ithe arithmetically symmetrical 

band-stop requirements are always fullfilled with a margin at the lower 

stop-band limit, if the upper stop-band limit is used as the initial 

quantity for the calculation. The stop-band limit 0 of the low-pass 

s 

filter pertaining to the abovementioned normalized frequencies of the 
band-pass filter (ij g,^ , * 2 g ) according to the transformation,is 

calculated to: 

Vs-V-s 

Q 8 =--- = 1.767 455 . 
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It is found from Fig. 1 that for this Q and with an a + a(p) = 6.1 + 

+ 1.6 = 7o7 [N] according to the requirement, the degree n = 5 will be 

sufficient with a small margin being available. If this margin is used 

for improving the pass-band, the low-pass filter C 05 20 56 with a = 

s 

= 6.10 [N] and Q =* 1.701 302 is suited for the design. With the aid of 
the new Q and when the stop-band limits of the band-pass filter are 
retained, the new pass-band limits are calculated by 


and by 


'lD~ r l-D=( r ls~ , 1-s)l Q s = 0.099 485 3 



to be ri ^ = 1.050 979, = 0.951 494. 

The resulting width of the pass-band is 


B D = f D f -D “ * f B ~ ^’57^ Ckc] , 

i.e. it is only 171 [cps] wider than required. 

The constant "a” necessary to carry out the transformation of circuit 
element values is given by 

a = ---= 10.051 74 . 

VD-TJ-D 


The normalized circuit element values and resonance frequencies of the 
low-pass filter as found in the catalog are: 


c Jj = 1 .212 

c 2 = 0.1102 1' = 1.237 

c^ = 1 .853 

c^ = 0.3061 1 £ = 1.040 

c» = 1.052 . 

5 


q 2 = 2.708 909 

Q k = 1.772 152 
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The pole frequencies (attenuation poles) of the band-pass filter result, 
according to Fig. 4, from 


and are 


v±, 


1W 


+ 1 ± 


2a 


V+ 2= 1.143 786, 77—o = 0-874 289, 

77+4 = 1.092 029, »7_4 = 0.915 726 


and the normalized circuit elements and resonance frequencies of the 
band-pass filter (Fig. 7) are: 


r nnn H r /vvv i i yVrv i r rrr \ 


Fig. 7 Circuit Configuration of the Band-Pass Filter Obtained by 
Transformation from a C 05 20 36 Filter 


ci = 1/ii = aci' =12.18, 

C2= 1/1 3 = ac> 2 ' (1 + 77 2 _ 2 ) = 1.954, 
c :i = 1 ll 2 = ac 2 (1 -f 77 2 + 2 ) = 2.557, 
C 4 = I //4 = ac 3 ' =18.63, 

c 5 = 1/4 = ac 4 ' (1 + 77 2 _ 4 ) = 5.657, 
Co = I//5 = ac 4 ' (1 + t? 2 + 4 ) = 6.746, 
C 7 = I //7 = ac B ' =10.57, 


771 =1.0 

772= 77+2= 1.143786 
773= 77—2 = 0.874 289 
7?4 =1.0 

775 = 77+4= 1.092 029 
77o = 77_ 4 = 0.915726 
777 =1.0. 


According to Section 6,f^ t* 45.947 [kc] and = 1000 [ohms], leads to 
L.Q = 3*464 [mH] and C_, = 3*464 [nF]. 

JD D 

The properties of the resulting circuit meet the specified requirements 
with very narrow tolerances for the width of the pass-band (distortions 
at the band edges, caused by the losses of the coils). 

It is therefore advisable for the realization of this band-pass filter 
to choose the next higher (even) degree, particularly with a view to 
the fact that in this case the special transformation of the circuit 
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element values is possible resulting in a circuit with a minimum number 
of inductances, as shown in Fig. 8 . 


r nnr h i rrr \ 

tQ xr°x 


a i 


11 3 4 S 6 7 9 9 10 


Fig. 8 Circuit Configuration of the Band-Pass Filter with a Minimum 
Number of Inductances Obtained by Transformation from a 
C 06 20 45 b Filter. 


By increasing the number of capacitors (three capacitors more) and 
decreasing the number of coils (one coil less), much more favourable 
attenuation properties are obtained (somewhat higher attenuation a s 
in the. stop-band and a considerably wider pass band B^)„ 

Since, if the low-pass filter C 06 20 45 (with a g = 6.45 [N] and Q = 

= 1.449 216 ) is used for the transformation, with f and f_ as above 

SB * 

the result is: 


and with 


s )/ fl s * 0.116 790 4, 
Bd = (»7 D -»7_ D ) • /b = 5.366 tKcl 


a margin of 966 [cps] with respect to the required pass-band is obtained. 
The transformation constant then is 

1 

a = -- 8.562 346. 


A numerical example for the transformation of the circuit element values 
of the C 06 20 45 b filter into a circuit corresponding to Fig. 8 is 
given in paper [l]. 
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